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Abstract: The Philippine archipelago’s position in Wallacea has been a matter of debate and is a biogeographic 
problem that has never been fully settled. In the current review this problem is examined in light of comparative 
phylogenetic biogeography, tectonic history and panbiogeography. The information about these supports Dickerson 
et al. (1928) assertions on the faunal transition character of Wallacea and how this defines the biotic regions of the 
Philippines within Wallacea and its links with Sulawesi. There is a need to go beyond the Pleistocene paradigm in 
Philippine biogeography if a fuller understanding of the scale and dimensions of biodiversity in the Philippines is to 


be achieved. 
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Introduction 


The Philippines is an archipelago of approxi- 
mately 7000 islands in the Western Pacific (Fig. 1). 
The position of the archipelago with respect to Wal- 
lacea (Dickerson et al. 1928) has been a subject 
for debate in biogeography. Wallacea is defined to 
be the region between Wallace’s Line in the west 
and Weber’s Line to the east (Fig. 2). The original 
Wallace’s Line delineated the islands west of the 
line. Huxley’s modification of the line included all 
the oceanic islands of the Philippines east of the 
line (Mayr 1976; Simpson 1977). Wallace (1880) 
considered the islands to be part of the Oriental re- 
gion but was separated from the Asian mainland 
at a very early date (Simpson 1977). Dickerson et 
al. (1928) placed the Philippines as the northern 
apex of the Wallacean “triangle”. While traditionally 
Wallace’s Line delineated the Asian biotic region 
from the Australian and Weber’s Line delineated 
the Australian from the Wallacean, Dickerson et al 
(1928) considered Wallacea as a faunal transition 
zone largely depauperate in Asian and Australian 
representatives (Wallace 1880; Mayr 1976) but 
characterized by a significant degree of novel and 
relict endemism. 

In this paper the position of the Philippines 
with respect to Wallacea is examined under the 
present theories of phylogenetic biogeography and 
the tectonic setting and reconstruction of the archi- 
pelago. The significance of the Gondwanan affini- 
ties of Philippine taxa shared with Wallacea will be 
assessed using a panbiogeographic framework. 
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The physical geographic, tectonic and biogeo- 
graphic stetting of the Philippines 


Physical geography 


The Philippine archipelago can be divided into 
three groupings, Luzon, Visayas and Mindanao. Min- 
danao and Luzon are the two largest islands of Phil- 
ippine archipelago. Luzon is the largest and most 
populous island of the Philippines with an area of 
104688 km’. It is orientated latitudinally from 18N 
to 12N and longitudinally from 119 to 123E. Mind- 
anao is the second largest (97530 km?) and most 
easternmost island in the Philippines. The island 
is orientated more longitudinally (121E to 126E) 
unlike Luzon. Luzon has four major mountain sys- 
tems, the Eastern Sierra Madre, Caraballo, Central 
Cordillera and Zambales ranges. Mindanao has the 
most complex physiography of the Philippine is- 
lands. There are 5 mountain range systems on the 
island mainly of volcanic origin and correspond to 
the crustal blocks identified. The highest Philippine 
mountain, Mount Apo is located along the eastern 
region of the island. Luzon is composed of 7 crustal 
blocks while Mindanao has 6 crustal blocks. Luzon 
and Mindanao are separated by the Visayas islands, 
the second major geographical groupings. The ma- 
jor islands are part of the Philippines “hotspot” of 
biodiversity (Heaney et al. 1998). Luzon and Mind- 
anao formed their respective Greater islands during 
the Pleistocene. Greater Luzon included the islands 
of Polilio and Catanduanes while Greater Mindanao 
included the Visayan islands of Samar and Leyte 
as well as Dinagat and Basilan islands. The Sulu 
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archipelago while culturally linked with Mindanao 
was never physically connected to it. 

The Visayas is composed of the major islands 
of Panay, Negros, Masbate, Cebu, Samar and Leyte. 
Panay, Negros, Masbate and Cebu formed the 
Pleistocene island of Negros-Panay. Islands that 
have never been connected to Luzon, Mindanao or 
to other Visayan islands include Mindoro, Palawan, 
Sibuyan, Romblon, Tablas, Camiguin, Batanes is- 
lands, and the Babuyan islands. With the exception 
of Mindoro and Palawan, these islands are oceanic 
islands. Palawan is a fragment of continental crust 
which was separated during the formation of the 
South China Sea basin. This island was connected 
to Borneo for a time. 


Tectonic history (Fig. 3) 


The tectonic histories of the Philippine islands 
have been described by Hall (1996; 1998), Yumul 
(2008), for the Visayas by Dimalanta et al. (2006), 
and Yumul (2000). The convergence of Eurasian 


plate and the Philippine plate resulted in a complex 
Suite of tectonic features which include trenches 
and subduction zones on the eastern and western 
boundaries of the archipelago. The archipelago’s 
western edge is bounded by the Manila trench and 
Negros-Sulu and Cotabato trenches. The South 
China Sea, Sulu Sea and Celebes Sea basins are 
subducting in this region. In the eastern region, the 
Philippine trench marks the site where the Philip- 
pine plate is subducting. The resulting stresses 
caused the formation of the Philippine Mobile Belt 
which is defined by the 1200 km long Philippine 
Fault. 

The evolution of the archipelago began in the 
Mesozoic when a fragment of the Asian continent 
was fractured as a result of the birth of the South 
China Sea. This block gave rise to Palawan. Con- 
tinued seafloor spreading and formation of oceanic 
crust in the Oligocene to the Miocene gave rise to 
the South China Sea. The formation of ophiolitic 
and arc rocks continued throughout the Tertiary. 
Widespread evidence of volcanic activity in the 
Southern region of Luzon and Central Visayas indi- 


«THE PHILIPPINES 


Bashi Channel 
La] 


= # 


{os 


Soulh China Sea 


LUZON > 


"} 


~ Projected in LTM 1927 


Philippine Sea 


nee ‘Become islands 


Sulu menk p 
: f 4 Bacal 
, © 
3 F aed 


e 


ce 


Moro Gulf 


Sulawesi Sea 


Figure 1. The Philippine Arehigelaees 


cate continued subduction (McDermott et al. 2005; 
Vogel et al. 2006) in the Miocene. Before the Plio- 
cene, the Philippines are widely hypothesized as 
part of an arc system at the edge of the Philippine 
plate. Paleomagnetic data suggests that the clock- 
wise rotation and northward movement of the Phil- 
ippine Plate was crucial to the genesis of Luzon. 
Luzon was once situated at subequatorial latitude 
as evidenced by paleomagnetic data of Central Cor- 
dillera ophiolites (Queano et al. 2009). Northwest- 
ward rotation started in the Cretaceous. The forma- 
tion of the Visayan Islands occurred in the Miocene 
to Pliocene (Fig. 2). These islands are composed 
of a melange of ophiolitic rocks and thus have a 
heterogenous character (Faustino et al. 2003). 
Panay has thick sedimentary basisn composed of 
Oligocene to Recent sedimentary rocks and the 
Panay western cordillera is hypothesized as crustal 
boundary between the Palawan microcontinental 
and Panay oceanic crustal blocks (Zamoras et al. 
2008). The Visayas is separated from Mindanao 
by a proto-trench in the Bohol Sea (Faustino et al. 
2003). The Zamboanga Peninsula is a microconti- 
nental block with a Miocene origin and may have 
been part of Palawan (Yumul et al. 2004) and areas 
east of this block is composed of younger ophiolitic 
deposits (Hall 1996; 1998). Southern and Central 
Mindanao is characterized by a complex post col- 
lisional tectonic setting. A major collisional event 
that is reflected in the region’s geology is the Cota- 
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bato Fault. This structure separates southern, cen- 
tral and northern Mindanao and is a boundary of 
crustal accretion (Middleton et al. 2004). Thus the 
major Philippine islands show evidence of crustal 
accretion and collision (Yumul et al. 2000; 2008). 


History of biogeographic theorieson the 
Philippines and their relevance to Wallacea 


The biogeography of the Philippines is central 
to understanding Wallacean biogeography. This has 
remained a problem since Alfred Russel Wallace 
(Wallace 1859; 1880) described the distribution of 
biota in Southeast Asia. The floristic and faunal af- 
finities of the Philippines is largely oriental in char- 
acter as Wallace recognized but the archipelago 
lacks many of the representative oriental species 
(except in Palawan) and contains a significant Aus- 
tralian floral component which is best represented 
in Mindanao, especially in its eastern region. The 
faunal component has a high proportion of en- 
demics. With these characteristics, the Philippines 
forms part of Wallacea (Dickerson et al. 1928). 

The modern theory to account for Philippine 
terrestrial biodiversity is premised on island accre- 
tion or integration (Fig. 4) (Hall 1998) as a major 
factor in the evolution of high biodiversity (Heaney 
1986; 1998; 1999; 2000; 2004; Heaney et al. 
1990; 1998). The theory on the dimensions and 
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origins of Philippine biodiversity is well developed 
(Heaney 1986; 1998; 1999; 2000; 2004; Heaney 
et al. 1990; 1998; 2005). The results of molecu- 
lar biogeographic studies on mammals support 
the earlier predictions on colonization and in situ 
diversification (Steppan et al. 2003). In describing 
the biogeography of the region, terrestrial biogeog- 
raphers have built upon the equilibrium theory of 
island biogeography (Macarthur et al. 1967). 

Luzon’s biogography has been described by 
Merrill (1923) when he identified the following flo- 
ral regions or subprovinces (Fig. 5). These are the 
1) Eastern Luzon-Bicol peninsula region, 2) Luzon 
lowlands, 3) Central Cordillera, 4) Zambales moun- 
tains. Merrill describes Mindanao by delineating 
the island into its floral subprovinces which include 
1) Eastern Mindanao, 2) Bukidnon-Kitanglad High- 
lands, 3) Zamboanga Peninsula and 4) Sulu Archi- 
pelago. 

A biogeography of Mindanao is key to under- 
standing the origins of the eastern Philippine biota 
and its phylogenetic affinity and connection with 
Sulawesi, the Maluku islands and New Guinea. This 
biotic region extends to eastern Luzon. Dickerson 
(1927) observed that the eastern region of the Phil- 
ippines has a general climate characteristic and 
physiography. It is worth noting that the national 
icon of Philippine biodiversity, the Philippine Eagle 
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Figure 3. Tectonic evolution of the Philippines. 


(Pithecophaga jefferyi) ranges from Mindanao to 
northeastern Luzon but is not recorded from Lu- 
zon’s Bicol peninsula. 

Dickerson et al. (1928) and Merrill (1923) de- 
lineates the eastern Philippines (including north- 
eastern Luzon, Bicol, Samar, and Leyte) and Mind- 
anao floristic region as “Philippine” for it has a high 
percentage of endemics. The other floristic regions 
are the Bornean and Formosan (Himalayan) based 
on its affinities to continental Asia. However, Mind- 
anao can be further classified into subregions due 
the presence numerous pockets of endemism in 
the central plateau and the Bukidnon highlands. 
This highland region contains some herbaceous 
plants of northern affinity. 

Merrill (1923) despite the lack of botanical 
records for the eastern Philippines recognizes this 
region as the distinct Eastern Philippine province. 
Among the hypotheses he proposed to account for 
this is the presence of a non distinct dry season 
and the mainly mountainous habitat of the eastern 
Philippine seaboard. The eastern side of Mindanao 
is also called as the “Eastern Mindanao Corridor”. 
Aside from the eastern Philippine characteristic of 
Mindanao, the western section defined by the Zam- 
boanga Peninsula has a striking botanical affinity to 
Borneo. This area roughly corresponds to the micro- 
continental fragment that accreted with the rest of 


20 Ma 
Early Miocene 


b Eastern Luzon \ 


Sierra Madre 


[ 5 Ma 
arly Pliocene 


Eastern Mindanaa 


P i terranes emerge 


4 OLCAMGES 
HIGHLAND 
E Lago 
B CAREQHATE 
PLAT FOES 
DB iHi SEs 


GEER SEA 
=t 


The oldest island is Luzon while the youngest terranes are found in Mindanao (adapted from Hall 1996). 
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Mindanao in its geological evolution. 

The faunal regions, or provinces, of the Phil- 
ippines have been described by Heaney and co- 
researchers as based on their 40 years of faunal 
surveys and studies (Heaney 1986; 1998; 1999; 
2000; 2004; Heaney et al. 1990; 1998; 2005). 
The centres of endemism are coincident with the 
physiography of the greater islands of Luzon, Ne- 
gros-Panay, Palawan, Mindoro and Mindanao dur- 
ing the Pliocene and Pleistocene sea level regres- 
sions. These greater islands were never connected 
to each other and served as centres for endemism. 

Based on Heaney’s research, Mindanao is 
considered as one faunal province with its formerly 
connected islands of Bohol, Samar, Leyte, Dinagat 
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and their associated small islands. However, Dick- 
erson et al. (1928) recognized that Mindanao itself 
can be further subdivided into at least 4 faunal 
and floristic regions or Subregions. First is the east- 
ern region which includes the Agusan, Davao and 
Misamis political regions and the islands of Samar, 
Leyte and Dinagat. The second region is the south- 
eastern section of the island, consisting of the polit- 
ical Subdivisions of Maguindanao, Cotabato, Sultan 
Kudarat. The third region consists of the Bukidnon 
highlands and the fourth, the Zamboanga Penin- 
sula and Basilan. Sulu and Tawitawi are not con- 
sidered part of Mindanao but as an independent 
faunal province. 

In the other Philippine faunal and floral re- 
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Figure 4. Pleistocene aggregated islands of the Philippines as based on the 150 m bathymetric line 
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gions, Dickerson et al. (1928) initial classifications 
are generally concordant with Heaney’s. However 
the concordance with Mindanao is not as close 
since Merrill suggests the subdivision of the island 
into subregions. 

The consensus of earlier biogeographical re- 
search is that while Palawan served as a Asian cor- 
ridor to the Philippines, Mindanao served as both 
and Asian and Papuan corridor to the Philippines 
via Sulawesi in the case of Australo-Papuan biota. 
However unlike in Palawan (Heaney et al. 1998), 
there is no tectonic evidence that Mindanao was 
ever connected to Borneo or Sulawesi. Thus earlier 
hypotheses that proposed that Australo-Papuan 
biotic elements dispersed to Mindanao and to the 
rest of the Philippines is highly unlikely. Thus the 
presence of Australian and Papuan biotic elements 
in Mindanao is likely due to the accretion of ter- 
ranes rather than through dispersal. The timing of 
accretion can now be roughly estimated. 

The questions that will be explored in this pa- 
per are the following: 


1) What are the phylogenetic connections be- 
tween Sulawesi, Wallacea and the Philippines? 
2) Why do basal Philippine taxa have a Wallacean 
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connection? 

3) Why many of these Australian and Wallacean 
elements did never dispersed beyond their 
eastern Philippine distribution? 


Mindanao and Luzon hold the key to answering 
some of these questions due to its geological his- 
tory and its particular physical geography. To look 
into these questions a comparative biogeography 
of some iconic Philippine taxa and general notes on 
the patterns of distribution in the Philippines espe- 
cially on Luzon and Mindanao. 


Methods: Comparative Biogeography 
The origin of the Philippine Eagle 


The Philippine Eagle Pithecophaga jeffreyi 
Ogilvy-Grant is the iconic representation of Philip- 
pine biodiversity (Collar et al. 1999). The distribu- 
tion of this species is largely restricted to the east- 
ern side of the archipelago consisting of the islands 
of Luzon, Samar, Leyte and Mindanao. On Luzon, 
it is restricted to the Sierra Madre ranges while on 
Mindanao, it is restricted to the eastern and central 
sections of the island (Denr et al. 1997; Collar et 
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al. 1999). 

The evolutionary relationship of the eagle with 
the neotropical Harpy eagles has been the subject 
of investigation since it was first formally described. 
Based skeletal and osteological morphology and its 
large size, the eagle has been classified with the 
Harpiinae (Shufeldt 1919), although Sharpe (1899) 
and Whitehead (1899) proposed an alternative 
classification placing the eagle with the Circaetus 
and Spilornis snake eagles based on the anatomy 
of the talons. Given its large size, similar ecological 
niche as top predator in closed canopy rainforests, 
the eagle has been traditionally classified with the 
harpy eagles. Living representatives of this family 
include the Neotropical harpy, Harpia, crested ea- 
gle Morphnus, the New Guinea Harpy Harpyopsis, 
and the Philippine Pithecophaga. 

However recent molecular phylogenetic stud- 
ies Suggest that Pithecophaga is more closely re- 
lated to the Circaetinae clade of snake eagles rath- 
er to the Harpininae harpy eagles (Lerner, Mindell 
2005). The morphological, skeletal and osteologi- 
cal similarities of Pithecophaga with Harpia is an 
excellent example of convergent evolution. Both 
eagles occupy similar rainforest biomes and is the 
top predator in their habitats. 

The origin of the Circaetinae provides the key 
to understanding the origin of the Philippine Eagle. 
The modern distribution of this subfamily is Afro- 
tropical and Oriental. Based on this distribution, the 
subfamily can be hypothesized to have a Gondwa- 
nan origin. This is further Supported that there are 
two clades within this subfamily. The Indomalayan 
clade consists of the Asian serpent eagles Spilornis 
which live in lowland tropical rainforests. The other 
clade is the Afrotropical clade that consists of Cir- 
caetus and the Bateleur Theratopius ecaudatus. In 
the Lerner and Mindell (2005) phylogenetic recon- 
struction of eagles, the sister taxa of Pithecophaga 
is Theratopius although this has weak bootstrap 
support. The bateleur is a raptor of the African sa- 
vannah. The question is now how a member of an 
African clade persisted in Southeast Asia? 


The Australasian origin of Philippine 
endemic rats 


The Philippines has 22 genera and 64 spe- 
cies of rodents and their diversification provides an 
opportunity to study patterns and processes in is- 
land species radiations (Jansa et al. 2006). Ninety 
percent (90%) of the Philippine rodent species are 
endemic to the archipelago. The biogeographical 
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questions on the origin of the fauna are where the 
original colonizing species came from and what is 
the role of dispersal and vicariance in the develop- 
ment of the rodent fauna? Heaney (1986) hypoth- 
esized that the original colonizers came from the 
Asian mainland. The Philippine archipelago is at 
least 25 MY old (Yumul et al. 2008) and with the 
exception of Palawan, the Philippine islands were 
never connected to mainland Asia. Thus initial col- 
onization may have been over water. Jansa et al. 
(2006) reconstructed the molecular phylogeny of 
Philippine rodents and concluded that there were 
at least two colonization episodes, one occurring 
at 15-20 MYA and a later one at 3 MYA. The older 
colonists gave rise to the Old Endemic clade while 
the later ones gave rise to the New Endemic clade. 

The Old Endemics make up two clades with 
15-25 extant species (mostly cloud rats, Cratero- 
mys and Phleomys and their relatives) and the New 
Endemics make 3 clades with 3 to 5 species each. 
The Old Endemics are mainly folivorous and vermiv- 
orous. Old and new endemics diversified within the 
Philippine archipelago. 

Hall’s (1998) tectonic reconstruction of the 
Philippine archipelago at 15-20 MYA reveals a ge- 
ography different from today’s. The proto northern 
Luzon landmass was separated from proto Mindan- 
ao by the marginal oceanic basin that will become 
the Sulu and Sibuyan seas. Since the Old Endem- 
ics are found largely on Luzon with representatives 
in Mindoro and Panay and if a purely dispersalist 
theory is assumed, then their nearest source of col- 
onists would have been Asia. However their nearest 
living relatives are in Australasia and widely distrib- 
uted there. The sister taxon of Old Endemic clade 
D is Australasian (Steppan et al. 2003) If an Asian 
dispersal is assumed then their ancestors would 
have been long extinct there (Jansa et al. 2006). 
The more parsimonious theory would be that their 
ancestors initially came from Australasia and were 
placed nearer to Luzon as the Philippine Plate ro- 
tated to its present position. 


The origin of the Philippine Tarsier 


Extant tarsier taxa have allopatric and parapatric 
distributions (Shekelle 2006). There is not a single 
case of sympatric tarsiers. Tarsiers are distributed 
only in Southeast Asia but their well documented 
fossil history suggests they were distributed widely 
in mainland Asia extending into northern China. 
The latest dated Asian fossil tarsier is from a Mio- 
cene deposit in Thailand (Ginsberg, Mein 1986). 
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Two clades have been proposed for tarsiers. The 
Western clade includes the Western Tarsier Tar- 
sius bancanus, T. bancanus borneanus, T. banca- 
nus saltator and the Philippine Tarsier T. syrichta. 
A morphological gradient can be observed among 
tarsiers. The western species have the largest eyes, 
shortest ears, longest limbs and the Philippine spe- 
cies has intermediate features while the eastern 
species have the smallest eyes, shortest limbs and 
longest ears (Groves 1998; Shekelle 2006). Given 
these characteristics, Musser and Dagosto (1987) 
hypothesized that there are two clades, one con- 
taining the Western/Philippine species and the 
other the Eastern / Sulawesian species. Molecu- 
lar phylogenetic analysis supports this hypothesis 
(Shekelle 2001). 

Unlike other taxa whose distributions provide a 
clear demarcation between the Indomalayan or Ori- 
ental and Australasian zoological regions, tarsiers 
are found on both sides of the Wallace’s Line. The 
taxonomic and phylogenetic position of the Philip- 
pine species is puzzling. While it is considered as 
part of the western clade, its features are transi- 
tional between the western and eastern species. 
Nevertheless, it is more likely that the Philippine 
species was derived from the western species 
since its distribution never extended beyond the ice 
age island of Greater Mindanao. As such it is found 
in Samar, Biliran, Leyte, Bohol, Dinagat, Mindanao 
and Basilan. The western species distribution is 
puzzling also. T. bancanus is found in Borneo and 
the Southern tip of Sumatra but is absent on Java 
and Bali. Shekelle (2006) hypothesizes that the 
species is as tolerant of human habitat disturbance 
as the Philippine species. However its absence in 
Java even in areas not impacted by human activi- 
ties such as Udjun Kulon suggests that it was never 
found there. 

The Philippine Tarsier is likely to have originally 
existed as a panmictic population in Greater Min- 
danao. Pleistocene vicariance due to sea level rise 
isolated populations on Greater Mindanao islands. 
These isolated populations are believed to repre- 
sent morphological subspecies. As for the origin of 
the Philippine species, it is hypothesized that it di- 
verged from the ancestral western species at 5.6 
MYA in the Miocene at the same time that the Su- 
lawesian species diverged. 

The Eastern clade consists of T. sangirensis, T. 
pumilus, T. dentatus, T. pelegensis, T. lariang and 
the newly described Siau Island species T. tumpara 
(Shekelle et al. 2008). Unlike in western species, 
the eastern species have distinct habitat preferenc- 
es. It is only on Sulawesi that a montane tarsier spe- 
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cies exists, T. pumilus. Phylogenetic reconstruction 
has not provided a clear hypothesis on when the 
Eastern species diverged from the ancestral Asian 
one. This probably predated the Miocene origina- 
tion of the Philippine species and before the co- 
alescence of Sulawesi into a single landmass from 
being an archipelago. Species diversification of Su- 
lawesi species probably occurred before the island 
was formed. It is possible although unlikely that a 
tarsier species can cross over water from Borneo 
(Morley 1998). The present distribution of tarsiers 
suggests that is unlikely. The Philippine species has 
never crossed into Cebu from Bohol despite sepa- 
rated by less than 30 km of water during the Pleis- 
tocene. Nevertheless the biogeography of Sulawesi 
tarsiers is the exact opposite of those from the Phil- 
ippines. On Sulawesi, island coalescence brought 
different species into one island, while on the Phil- 
ippines vicariance separated populations. 


Philippine wild pigs 


Southeast Asia has the highest diversity of wild 
pigs in the world (Lucchini et al. 2005). This is likely 
due to vicariance in archipelagos where sea level 
transgressions caused the isolation and reconnec- 
tion of islands. The Philippines is the island group 
with the most number of restricted distribution wild 
pig species with at least 5 species Sus philippensis, 
S. barbatus, S. cebifrons, S. barbatus ahoenobar- 
bus (Oliver 1995). The latter has been proposed to 
be elevated to species status (Lucchini et al. 2005). 
The distribution of the extant species supports He- 
aney’s theory on Philippine biodiversity and his divi- 
sion of the archipelago into faunal regions (Heaney 
1986; 1998). 

Wu et al. (2006) proposed a phylogeny of wild 
pigs based on mtDNA sequences and placed the 
Philippine species as a primitive group within the 
Eurasian clade closer to the basal African group 
that includes the warthog. The phylogeny reflects 
an ancient split between the Eurasian and African 
clades similar to that seen in the Circaetinae ea- 
gles. This split is consistent with the wild pig mod- 
ern distribution. Itis also interesting to note thatthe 
distribution of the more basal and derived clades 
follow an East-West pattern. The basal clades have 
an Eastern distribution while the derived ones have 
a Western distribution. 

The Visayan Warty Pig S. cebifrons is the old- 
est to have diverged in the Eurasian clade followed 
by the Philippine Wild Pig S. philippensis which is 
also distributed in Luzon, Mindoro and Mindanao. 
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Each of these islands has their own subspecies 
with Luzon having S. p. philippensis, Mindoro with 
S. p. oliveri and Mindanao with S. p. mindanensis. 
S. cebifrons and S. philippensis are closely related 
to the Sulawesian S. celebensis. A possible evolu- 
tionary scenario is that the Asian ancestor crossed 
into the Philippines via Palawan in the Pliocene giv- 
ing rise to the primitive S. cebifrons and S. philip- 
pensis. This hypothesized ancestor also crossed 
into Sulawesi giving rise to S. celebensis. The Su- 
lawesi babirusa Babyroussa babyrussa is a pig that 
is difficult to classify with other pigs (Groves 2001) 
but is phylogenetically closer to the American pec- 
cary rather than to the African warthog (Wu et al. 
2006). This pig species is found only in the north- 
ern end of the island. Sulawesi also has a Miocene 
giant pig species Celebochoerus whose fossils 
were found only to the southern Walanae region of 
the island. This species is closely related with simi- 
lar fossil species found in Java and the Siwalik Hills 
of Pakistan (Groves 2001). 


Philippine parrots 


The Psittaciformes has a Gondwanan ori- 
gin (Wright et al. 2008). Diversification in modern 
Southeast Asian clades coincided withe the final 
separation of West Antarctica, South America and 
India in the Oligocene. Among the genera associat- 
ed with this clade are the Philippine and Wallacean 
genera Tanygnathus, Prionilurus, Bolbopsittacus, 
and Loriculus. Another clade which diversified in 
the Miocene when Australia approached Asia in- 
cludes the Wallacean-Australian genus Trcihoglos- 
sus whose only Philippine representative is found in 
Mindanao at mid-elevation montane forests (Collar 
et al. 1999; Kennedy et al. 2000). The congenerics 
of the Philippine species are still found in Wallacea 
and Sulawesi. 


Biogeographic patterns in Mindanao and Luzon 
as revealed by plant and other animal taxa 


Biogeographic research on Luzon, Mindanao 
and the Southern Philippines has been sparse and 
limited to a few taxa. However given the existing 
material at hand, it is possible to determine pat- 
terns of distribution common to both large islands 

The first biogeographical pattern that is very 
apparent is the affinities between the Eastern Lu- 
zon and Eastern Mindanao biotic regions. The two 
biotic regions may be considered as a transition 
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zone. The eastern Philippines including the Sierra 
Madre of Luzon, Bicol, the Greater Mindanao is- 
lands of Leyte, Samar, Dinagat, Eastern Mindanao, 
the Maluku islands and New Guinea form a con- 
tinuous island arc (Heads 2003). In the montane 
plant family Ericaeae, there are a lot of direct Philip- 
pines-New Guinea affinities. In ferns 57 species are 
shared between these two island systems (Cope- 
land 1950). While this island arc reflects a certain 
unity in floral and faunal composition, there are dif- 
ferences between the northern end (Luzon) and the 
southern end (New Guinea). Within the Philippines 
similar differences can be noted. For example, the 
Palanan rainforest plot in Isabela, north-eastern Lu- 
zon is composed mainly of a west Malesian flora 
rather than an eastern (Wallacean) one (Co et al. 
2006). Of the 311 species noted in the plot only 10 
can be considered as east Malesian. Forty six spe- 
cies (15% of the total) are shared with Lamber Hills 
in Sarawak, Malaysia. In eastern Mindanao howev- 
er, the mytraceous flora is Papuan. This flora does 
not have special alliances with western Malesia. 

The Melastoma (Myrtales) alliance phylogeny 
in Tropical Asia shows this pattern quite clearly. The 
clade consisting of the Astronia, Beccarianthus, 
Astrocalyx and Astronidium genera show strong 
Philippine and New Guinea affinities (LaFrankie 
2010). This monophyletic group is centered in New 
Guinea. The monotypic genus Astrocalyx is endem- 
ic to the eastern Philippines (Mindanao to Luzon) 
floral region. Astronia has its greatest species ra- 
diation in New Guinea (30) species followed by the 
Philippines (17) species. This group is primarily re- 
stricted to montane and mossy forests in eastern 
Luzon and Mindanao (Co et al. 2006). The distribu- 
tion of mosses show the same pattern especially 
for Mindanao (Tan 1998). The presence of Eucalyp- 
tus deglupta in eastern Mindanao is also evidence 
of a New Guinea-Australian affinity (Ladiges et al. 
2003). The similarities of the Mindanao form with 
that of the New Britain form in this eucalypt sup- 
ports the Melanesian arc panbiogeographic track 
that runs through New Guinea to Mindanao. 

The second biogeographic pattern common to 
Mindanao and Luzon is the biotic disjunction be- 
tween the eastern and central regions of these two 
islands. Both islands have an eastern and a central 
mountain range and have certain floral similarities 
in distributional disjunction. On Luzon this is very 
notable in the central Cordillera flora which is more 
Himalayan than Malesian. Almost all the Himalayan 
representatives of the Luzon Cordillera flora are rep- 
resented in Taiwan and southern China (Dickerson 
et al. 1928). This forms a separate biome whose 
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dominant tree is Pinus kesiya Royle ex Gordon. In 
Mindanao, the Bukidnon Highlands present similar 
patterns with some montane species having affini- 
ties to the Luzon Cordilleras. However most of the 
plant species have affinities to the New Guinea flo- 
ra. This may also be the reason why the butterflies 
(Paplionoidea) of Mindanao and Luzon share fau- 
nal similarities in composition (Racheli et al. 1989) 

The third biogeographic pattern common to 
Mindanao and Luzon is the presence of a western 
biotic region that is very distinct from the eastern 
one. On Luzon this is defined by the Zambales 
mountain range and on Mindanao by the Zambo- 
anga Peninsula mountains. On Luzon the Zam- 
bales mountains are home to another pine species 
P. merkusii Jungh et deVries which is found also in 
Mindoro and Sumatra. This region has affinities to 
Mindoro island and its floral affinity is western Male- 
sian with the montane flora having a distinct Hima- 
layan component (Linis 2009). On Mindanao, the 
Zamboanga Peninsula is a different biogeographic 
region from that of Eastern Mindanao. The flora and 
fauna here has a strong Bornean affinity. This is 
very apparent in the distribution of Philippine cypri- 
nid fish (Dickerson et al. 1928). This family of strict- 
ly freshwater fishes reach their highest diversity in 
Indo-China and Peninsular Malaysia. Their distribu- 
tion eastwards extends only to Palawan, Mindoro, 
Zamboanga Peninsula and into the central Lanao 
plataeu where the family rapidly diversified (Herre 
1933). Recent studies into the phylogeography of 
bent toed geckos Cyrtodactylus suggests similar 
evolutionary processes of Bornean immigrants rap- 
idly diversifying in western Mindanao (Siler et al. 
2010). Similar patterns were noted by Dickerson et 
al. (1928) in reptiles and amphibians. 


Discussion 


Beyond the Pleistocene paradigm 
in Philippine biogeography 


There is a growing consensus to revisit the 
present Pleistocene Aggregated Island Coales- 
cence (PAIC) model of Philippine biogeography 
which is currently the paradigm (Siler et al. 2010) 
and used for conservation planning and priority set- 
ting (Ong et al. 2002; Catibog-Sinha et al. 2006). 
This is necessitated by the scale of endemic bio- 
diversity being discovered as species inventories 
continue in the Philippines. Pleistocene isolation 
and vicariance while it shows clear patterns of en- 
demicity at a larger scale may not account for these 
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patterns at a smaller scale or at temporal scales 
that predate the Pleistocene. Researchers suggest 
that multi-taxon and multi-locus approach should 
be done to address the problem. The main thesis of 
the PAIC model is that colonization from mainland 
Asia happened rarely and when it did rapid species 
diversification in immigrant taxa occurred. 

However in the beginnings of Philippine biogeo- 
graphical science Dickerson et al (1928) already 
had identified distributional patterns that may merit 
more than a vicariance or dispersal based explana- 
tion. However as the plate tectonic theory was not 
existence then, the causality of these distributions 
and how they came to be were tenuously (or more 
speculatively) to the land bridge paradigm which is 
a theory that Alfred Russel Wallace used to explain 
faunal similarities in Southeast Asia. 

Dickerson et al. (1928) for lack of a better the- 
ory found it difficult to test why there is a large Aus- 
tralian / Gondwanan element in the eastern Phil- 
ippines (Luzon to Mindanao) biota which strongly 
suggested a land bridge connection with Sulawesi 
and the rest of Wallacea. Until plate tectonic theory 
was proposed, this was not testable. However as 
presented in the earlier accounts of systematic bio- 
geography and distributional analysis, it is now pos- 
sible to test the Philippines-Sulawesi-New Guinea 
connection and a Gondwanan origin for some of 
the Philippine taxa. 

A first test is Pithecophaga. Given its position 
within the African clade, Pithecophaga has prob- 
ably a Gondwanan origin. This is Supported by an 
estimated deep divergence between the Afrotropi- 
cal and Indomalayan clades which likely dates back 
to the Oligocene. Members of these clades are re- 
stricted to their regions with the Philippine Eagle be- 
ing the sole exception. It is the only representative 
of the Afrotropical clade in Asia and is likely a relict 
species. Spilornis on the other hand is exclusive to 
Southeast Asia with most species on Wallacea and 
is rare throughout its range. If there were close Wal- 
lacean relatives of Pithecophaga, they would have 
likely existed in Sulawesi but are now extinct. How- 
ever there are not yet reported raptor fossils to test 
this hypothesis 

The parrots have a Gondwanan origin and the 
dating of the phylogenetic split that gave rise to taxa 
(Jonsson et al. 2008) shared between Sulawesi 
and the Philippines are coincident with the inferred 
time when these island groups started to accrete 
(Hall 1998). It is notable that the older clade which 
contains Loriculus, Bolbopsittacus, Tanygnathus 
and Prionilurus has a wider distribution in Wallacea 
and the Philippines wherein member island spe- 
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cies are endemic and can be accounted for PAIC 
theory thereby fulfilling Wallace’s biogeographic 
predictions. The younger clade containing Tricho- 
glossus has a Philippine representative restricted 
to Mindanao and was never able to disperse to 
Luzon whereas members of the clade are found in 
Australia, New Guinea and the Maluku islands. A 
similar pattern can be noted in the pigs which have 
a Eurasian-African origin but relicts of an older ra- 
diation are found in Sulawesi and the Philippines. 
These basal clades are closer to the more primitive 
African warthog and neotropical peccaries. 

The Gondwanan connections in Pithecopha- 
ga’s Afrotropical clade, the parrot clades, the basal 
pig clades are starting to become apparent. As 
for the bird species radiation in Wallacea, there is 
some evidence to show at least for the avian fam- 
ily Camphephagidae that colonization from Africa 
via the Indian Ocean was likely during the Miocene 
(Jonsson et al. 2008). 

The biogeography of the tarsiers are interest- 
ing for they have a continental Asian ancestry and 
straddle Wallace’s Line but the Philippine species 
T. syrichta is probably derived from the Bornean 
species and is restricted to the Mindanao faunal 
region. However tarsiers reach their highest spe- 
cies diversity in Sulawesi and adjacent islands. The 
relationship of the Philippine species with the Su- 
lawesi species is unresolved and an answer to this 
is to date when the hypothetical ancestor that gave 
rise to the Philippine and Sulawesi species crossed 
from Borneo to proto-Mindanao or to the islands 
that would become the single island of Sulawesi. 
If a crossing over from Borneo to proto-Mindanao 
is possible then it may be possible to cross over 
from proto-Sulawesi to Mindanao. Dickerson et al 
(1928) were puzzled by the absence of marsupials 
in Mindanao given that they exist in the Maluku is- 
lands, Sulawesi and New Guinea and the strong bo- 
tanical affinity between Sulawesi, New Guinea and 
the Philippines. However it is more likely that mar- 
supials got to proto-Sulawesi at an earlier date in 
the Oligocene to Miocene (Moss et al. 1998) than 
when Mindanao was formed and they were not able 
to disperse (Michaux 1994). 

It is most likely that the formation of the 
Makassar Straits between Sulawesi and Borneo 
in the Palaeocene and Eocene may have allowed 
for the dispersion of taxa such as the hypothesized 
ancestral Tarsier and basal pig species across a 
hypothesized land bridge or a series of emergent 
volcanic islands to western and Southern Sulawesi 
(Moss et al. 1998). A similar feature may have al- 
lowed for a Sulawesi-Mindanao biotic interchange 
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via the north arm of Sulawesi. There is a chain of 
volcanic arc islands that lead to Mindanao. Alter- 
natively, Australian biotic elements may have colo- 
nized northern Sulawesi via the eastern Philippines 
route from the Sangihe islands and New Guinea. 
This hypothesis supports the contention stated in 
this paper that the endemic rodent genera in the 
Philippines is likely to have an Australasian origin. It 
is also supported by the presence insect taxa that 
are common to New Guinea and eastern Philip- 
pines but are rare or absent in Sulawesi (Gressitt 
1956). However this does not answer the question 
of Dickerson et al (1928) on the absence of marsu- 
pials in the Philippines which are believed unable to 
disperse over water. Marsupials in some Wallacean 
islands may have been dispersed by humans rather 
than by natural means (Oosterzee 1997) 

The third question posited in this paper is why 
many of the Wallacean elements seemed to have 
never dispersed much beyond the eastern Luzon 
and eastern Mindanao biotic region. A compari- 
son with Sulawesi biogeography is relevant here. 
Sulawesi as a coalesced archipelago shows a high 
degree of faunal endemism in its various “arms”. 
In Sulawesi, lowland and montane rainforest taxa 
hardly are found beyond their respective regions of 
endemism as best demonstrated by the tarsiers, 
Macaca monkeys, toads (Evans et al. 2009) and 
the basal pigs which includes the babirusa Baby- 
rousa babyrussa (Groves 2001). A similar pattern is 
likely to hold for eastern Philippines, which is char- 
acterized by a wetter climate with more evenly dis- 
tributed rainfall than what is known from the west- 
ern side. Also a similar observation can be made 
for the Philippine cyprinids which are associated 
with the microcontinental blocks of Zamboanga, 
Mindoro and Palawan. These fish hardly ever dis- 
persed beyond these terranes. 

The biogeography of Luzon, Mindanao, the 
rest of the Philippines and Sulawesi while both 
about island coalesence shows difference in histo- 
ries. The Philippine islands came into close proxim- 
ity but were never fully coalesced thus allowing for 
vicariant speciation to happen. Sulawesi’s constitu- 
ent islands fully coalesced into single landmass but 
habitat and climate differences allowed for vicari- 
ance to happen. Sulawesi has more of the basal 
mammal lineages than the Philippines. Like in the 
Philippine case (Jansa et al. 2006), the sources of 
Sulawesi endemic species came from an old en- 
demic colonization and a new endemic coloniza- 
tion (Ruedi et al. 1998). 
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The Philippines as part of Wallacea: 
a panbiogeographic model 


Merrill in Dickerson (1928) places the Phil- 
ippines within Wallacea given the biogeographic 
characteristics of the archipelago. He puts much 
emphasis on the “great differences in geologic his- 
tory” of the various islands of Wallace’s Malay Ar- 
chipelago. This region is geologically unstable and 
was interpreted to be a zone of transition rather 
than a separating line between the Asian and Aus- 
tralian biogeographic regions. A key observation of 
Merrill is that the region has a lot of relict forms 
which given the limited phylogenies published, ap- 
pears to have a largely Gondwanan affinity. 

At present Wallace’s and Weber’s lines are 
interpreted as a plate tectonic boundary (Audley- 
Charles 1981). Given the current paradigm, the tec- 
tonic history of the Philippines and the rest of Wal- 
lacea has been reconstructed (Hall 1996; 1998). 
However determining which oceanic or continental 
block was emergent is difficult during the process 
of tectonic evolution. Thus biogeographic interpre- 
tation has to have caveats. Most of the Philippine 
islands are de novo oceanic islands as evidenced 
by ophiolitic arc rocks (Hall 1996; Yumul et al. 


2008) and were attached to the Philippine plate 
which rotated clockwise. 

This tectonic rotation of the Philippine plate 
is SO important in defining the Philippines as part 
of Wallacea. Present day Wallacea is shaped like 
a triangle with the Philippines at its apex and the 
base is Indonesia and New Guinea. While Mer- 
rill in Dickerson (1928) hypothesized that biotic 
dispersal was along the longer sides of the Wal- 
lacean triangle rather than across it. The present 
tectonic reconstructions show that plate rotation 
occurred and the proto-islands of the Philippines 
were translated from subequatorial latitudes to 
the more northern latitudes. This can be modelled 
using panbiogeographic approaches rather than 
by dispersal or vicariance as previously assumed. 
The panbiogeographic tracks describing Philippine 
and New Guinea relationships have been modelled 
as consistent with plate tectonic reconstructions 
(Heads 1990; 2001; 2003). Panbiogeographic 
tracks seem to be associated with the eastern 
Philippines terranes and microcontinental blocks 
such as Mindoro, Panay Cordilleras, Palawan and 
Zamboanga Peninsula (Fig. 6). For the microconti- 
nental blocks, there are floral and faunal affinities 
with Indo-China and Sumatra. It is worth noting that 


Figure 6. Hypothetical tracklines. 
A - New Guinea-Banda-Eastern Philippines arc, B - Vietnam-Luzon, C - Sumatra-Mindoro-Zambales Mountains, 
D - Borneo-Zamboanga Peninsula, E - Sulawesi-Central Mindanao. 
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centres of endemicity in the Philippines are asso- 
ciated with crustal boundaries and accretions and 
is clearly shown in Wallacean Eucalyptus which is 
associated with arc terranes (Ladiges et al. 2003). 
This is a key prediction of panbiogeography (Croizat 
1958; 1964; Croizat et al. 1974; Heads 2002). 


Conclusion 


While the Philippines have a large Sundaland 
biotic component, there is a significant Wallacean, 
New Guinea and Australian element in the biota. 
The evolutuonary relationships of some of the icon- 
ic taxa suggest a Wallacean and an older Gondwa- 
nan origin. Given the tectonic history of the Philip- 
pines, the evolutionary history of Wallacean taxa 
can be modelled using panbiogeography. Many of 
the taxa are associated with tectonic features and 
hardly dispersed beyond these. A major observation 
is that the basal members of the taxa discussed in 
this paper persist in Wallacea. This supports Mer- 
rill’s in Dickerson (1928) observation that many rel- 
ict taxa survive in Wallacea. 

Luzon and Mindanao are keys to understand- 
ing Wallacean biogeography especially in under- 
standing the Sundaland and Australian biotic 
transition. There is a need for more phylogenetic 
research to describe the evolutionary relationships 
between Philippine especially Mindanao taxa with 
that of Sulawesi. The following questions that date 
back to Dickerson and Merrill have not been fully 
answered. Did Luzon and Mindanao contribute to 
the biodiversity of Sulawesi and the rest of Wal- 
lacea? How did Wallacea and Sulawesi contribute 
to the biodiversity of Luzon? These questions have 
direct bearing on human evolution in Wallacea. It 
is likely that Merrill in Dickerson (1928) hypothesis 
on phylogenetic relicts persisting in Wallacea is 
supported by the discovery of the late Pleistocene 
survival of hominins like Homo floresiensis (Brown 
et al. 2004) and the possibility that similar archaic 
Homo existing in northern Luzon in the early to mid 
Pleistocene (Mijares et al. 2010). However there is 
still a need for more intensive biotic surveys of the 
Philippines and Wallacea in order to resolve these 
questions. 
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